Ab initio molecular dynamics simulations of the liquid/vapor interface of sulfuric acid solutions.
Ab initio molecular dynamics simulations of the liquid-vapor interface are presented for thin slabs of 72 water molecules containing a single molecule of sulfuric acid. Trajectories in the 306-330 K range are calculated for two functionals with double- and triple-ζ quality basis sets. Comparisons are made between BLYP and HCTH/120 results for the slab simulations and for bulk simulations of one H(2)SO(4) in a periodic box with 63 waters. Good agreement is found with the available experimental data and the results of other relevant AIMD studies with respect to ionization of the acid, size of the coordination shells, partitioning of the ions with the hydronium exhibiting a surface preference and the anions in the interior, and the orientational distributions for the hydronium ions and for the surface/subsurface water molecules. The major differences in the performance of the two functionals are attributable to the greater basicity of the anion oxygen atoms with the HCTH functional and the more structured aqueous solution with BLYP. The enhanced basicity results in larger aqueous coordination shells for the anion oxygens. The structuring of the BLYP aqueous solution is observed in the corrugation of the water density profile, the higher first peak in g(OO)(r), and a smaller water self-diffusion constant. This structuring with the BLYP functional yields anion hydrogen bonds that endure longer and where the dissociated ions more rapidly and directly segregate in the slab. The simulations indicate that aqueous surfaces containing ionizable diprotic acids can be modeled with rather modest sized systems and be informative.